INTRODUCTION
Many experimental and theoretical studies have been conducted to characterize the acoustic target strength (TS) of zooplankton for the purposes of species identification, acoustic signal separation, and abundance estimation (e.g., 3auter- (Stanton et al., 1994) . This understanding is necessary to convert integrated backscattered energy to numerical densities and apportion these densities to individual species. Complicating this translation is the variance in sound scattering introduced by differences in animal size, shape, acoustic impedance, and orientation (Stanton, 1989a; Foote et al., 1992) .
Various models have been developed to predict the scattering from elongated zooplankton. Some of these models imply that TS is dependent on the cross-sectional are 
Therefore for scattering to be dependent on A, the slope of TS versus the log of WW and DW curves should be 20/3 (•--6.7) in the geometric scattering region:
XSo• 2½ log(WW):z -• ]og(DW). (5)
It is important to note, however, that scattering from elongated zooplankton as a function of acoustic frequency and animal size is highly nonlineal' in the geotnetric region (Chu et al., 1992) 
I. METHODS
Experiments were conducted at Friday Harbor Laboratories (FHL), Friday Harbor, WA fiom 10-14 August, 1993. Two echo sounders were used for all of the experiments: a split-beam system configured with a 200-kHz transducer and a dual-beam system configured with a 420-kHz and a I-MHz transducer. System calibrations were performed before and after the series of experiments. TS data were measured from individual live animals suspended in a cylindrical enclosure which was deployed off of a dock at FHL (Fig. 1) . To enhance the accuracy and precision of the TS distributions, data Calibration of the split-beam system was performed in a test tank on 9 August 1993. The water temperature was 20.6 øC and the separation between the system transducer and the standard transducer was 5.4 m. Measurements included source level, receiver sensitivity, receiver beam pattern, and angle sensitivity (the relationship between the electrical phase and mechanical oil-axis angles).
TABLE 1. Summary of zooplankton lengths (L), wet weights (WW), dry weights (DW), mean target strengths (TS), number of observations (n), reduced mean target strengths (RTS = TS -20 log L), and the equivalent cylindrical radius times wave number [ka, wt,ere a = (V/•rL) m and V-WW/104]. Data
are tabulated in order of ascending ka. Because the calibration methods were different both pre-and postexperiment and for the two echosounders. the reader should not consider these TS values as absolute measurements. The •)ependent on cross-sectional area.
TS data were measured for 20 different animals at one or more of the three frequencies. Average values for each individual at each frequency were compared to predictions from three theoretical models of TS vs ka (Fig. 2) . The mod- Table IlI. Because scattering from individual zooplankton is oscillatory in the geometric scattering region (Fig. 3) , the linear regression analyses are highly dependent on the range and spacing of ka's. To investigate this dependence, a Monte Carlo simulation was performed to define the expected distfibutions of slopes which could result from variations in the range ofka (0<•ka•<10, l•<ka•<11, and 5•<ka•15) and the number of data points (n =20 and 100). A matfix of six simulations were run using the ray BC model, averaged over 0 (Stanton, 1993b) (Fig. 4) . At 420 ldtz, the range of ka's from
I to 11 matches the size distribution of animals in this experiment and in Wiebe et al. (1990) (assuming a=LIlO.5).
Ensembles of 20 and 100 TS values were calculated at ka's which were randomly generated from a uniform distribution. The slopes of 10000 TS ensembles versus log(ka) were calculated by least-squares linear regression for each combination of n and range of ka (see Table IV ). Each set of slope-frequency data was normalized by the number of ensembles to create a probability density function (PDF) (Fig.  4) slopes of tangent lines between successive peaks of the functions were either constant or monotonically decreasing (Fig.  5) . Therefore the slopes o-[ two tangent lines (between the first two and the last two peaks) were used to define the range of slopes for each behavior in the absence of kaspacing effects (Table V) .
II. RESULTS
The approximate models (HPBC I and HPBC II) do not predict the experimental TS data nearly as well as the converged solution (ray BC), particularly in the geometric scattering range (Fig. 2 The results of the regression analyses of the experimental data suggest that TS is dependent on the cross-sectional area of the animal (Table II) cidence (/z0=0), only the narrowest distributions (0'0=2,4,6) exhibited slopes greater than that indicative of areltl dependence (Table V and Fig. 5) . Therefore, the larger slopes observed in the first set of behavioral simulations at la.o=O and o-0=8, 10, 20, 40, and 60 were due to the choice of ka spacing (Table lII) 
